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Objectives . The purpose of this study was to assess the effects
and clinical Implications of Falmaz-Schatz stout implantation on
coronary blood flow in side branches arising from a stented
coronary artery segment .
Background. The occlusion of a side branch is a well defined
risk after balloon angioplasty . However, the impact of 9eWWg an
the coronary flow in side branches Wing within the scented
segment is unknown .
Methods. Forty-six stated coronary artery segments with 79
side branches emerging from the stented segment were analyzed .
Anglographic studies were performed before angioplasty, after
balloon dilation, Immediately after stenting and 24 It later . Side
branches were classified as follows. type A (mil mm in diameter,
with oslial narrowing), type D (>I mm In diameter, without ostial
narrowing), type C (<1 mm in diameter, with ostial narrowing)
and type D (<1 mm in diameter, without osdal narrowing) .
Quantitative angiography was used to assess the diameter of the
side branches .
Side branch occlusion ia a well known risk of coronary
balloon angioplasLy (1), occurring primarily when the side
branch has a lesion near the bifurcation point (1,2) . The
occlusion of a side branch appears to be of little significance
in small branches (1) but may present a major complication
in larger ones (3) . As a result of the increase in indications
for coronary angioplasty, treatment of more complex le-
sions, such as lesions located at bifurcation points (4,5), is
now being attempted. A variety of techniques have been
developed to prevent side branch closure (6-11) . Recently,
coronary artery stenting has been introduced (12,13), in turn
creating new problems, such as how to deal with related side
branches . Experimental evidence (14-17) suggests that the
metal struts of some stents do not completely cover the
orifices of side branches . Although the struts become cov-
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Results. Stems were implanted electively in lesions with resten-
osis (41 stents, 89%) or with a suboptimal result after angioplasty
(5 scents, 11%). Nine side branches (11%) were type A, 25 (32%)
type 8, 7 (9%) type C and 38 (48%) type D. At baseline, 68 side
branches had Thrombolysis in Myocardial Infarction (TIMI) trial
Now grade 3;10 had grade 2; and 1 had grade 1 . Flow worsened
(TIM1 grade ~I) in six side branches (11%) after balloon dilation
and in four side branches (5%) after stenfing. One additional side
branch (I %) was occluded at 24 h. Of the 34 side branches 2 :1 nun
in diameter (mean diameter 1 .5 1 0.3 mm), 2 (6%) had low
impairment after stenting. Three patients experienced transient
angina, but no acute myocardial infarction occurred as a result of
a side branch occlusion.
Conclusions . Coronary artery stenting does not modify antero-
grade flow in 90% of side branches . Coronary flow is reduced
after stenting in a few brRachf.,s, but this does not appear to have
malor clinical relevance.
(J Am Coil Cardiol 1994,23 :911-5)
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Bred with a continuous layer of endothelial cells, the inter-
strut spaces remain open, with the result that blood flow into
the branch is not compromised . The aim of this prospective
study was to analyze serial angiographic changes in side
branches of stented coronary segments to determine the
incidence and clinical relevance of side branch occlusion
during the 1st 24 h after Palmaz-Schatz stent deployment .
Methods
Study patients. Between March 1990 and March 1992, of
107 attempts, 104 Palmaz-Schatz stents (97%) were success-
fully implanted in 102 patients . All patients with successfully
deployed stents were prospectively enrolled in the study .
All patients had symptomatic coronary heart disease and
evidence of coronary stenesis >70%, suitable for percuta-
neous transluminal coronary angioplasty
. The Institutional
Review Board approved the following indications for stent
implantation: 1) complicated coronary angioplasty
with a
large dissection, with or without compromised coronary
blood flow
; 2) suboptimal result (residual stenosis >501yo)
after conventional dilation despite adequate balloon posi-
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tioning and size ; and 3) lesions presenting with restenosis
after a previous angioplauy .
Of the 102 patients with 104 successfully implanted
stents, only 46 patients with 46 stents had no exclusion
criteria and were included in this study . The reasons for
excluding the remaining patients (with 58 stents) are shown
in Figure 1 . In particular, patients with stents implanted
because of unexpected large or occlusive coronary dissec-
tion after conventional balloon angioplasty were excluded .
This was done to avoid the possible influence of the intimal
flap or embolization of plaque debris and an associated
thrombus on the side branch and to study the effect of the
stent itself. Lesions with a major branch (>2 mm in diame-
ter, in general) originating within the anticipated stent site
were not considered for elective scent implantation, in agree-
ment with Food and Drug Administration investigational
protocol (W) . All patients gave informed consent for coro-
nary angioplasty, stent implantation, and a 24-h control
angioMmsm
.
Pdanspenlent and in-liospital evaluation . Starting at least
24 h before the procedure, the patients were given aspirin
(250 mg once a day), dipyridamole (100 mg three times a day)
and diltiazein (60 to 90 mg three times a day) . All patients
with an elective indication for stenting also received a IN
solution of low molecular weight dextran (40,000 daltons,
100 mVh intravenously) starting 2 h before stent deployment .
Patients with stents deployed because of a suboptimal result
after balloon angioplasty received at least 200 ml of dextran
before stenting. All patients received a total of 1,000 ml of
dextran. At the beginning of the angioplasty procedure an
intravenous bolus of 10,0Y) U of heparin was given, followed
by 5,000 U immediately before stent implantation and
1,000 U/h thereafter. Intracoronary nitroglycerin (0.2 mg)
Poor quality anglogram(2 ST)
STENT SUCCESSFULLY IMPLANTED
1	
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Abeam of anglograrn 24 hours (1 ST)
JACC Vol. 23, No . 4
March 15,1994 :911-5
Figure 1 . Flowchart illustrating
reasons for exclusion of 56 pa-
tients (58 stents) from the
present study . ST = stent .
was given at the beginning of angioplasty, before stent
placement and any time there was evidence of coronary
spasm. After stent deployment, a continuous infusion of
heparin was begun, and the partial thromboplastin time was
maintained at 1 .5 to 2 .5 times normal . Oral administration of
coumadin was started on the day of stent implantation, and
heparin infusion was continued for at least 48 h after
stenting, until the international normalized ratio was X2 .5 .
Aspirin, dypiridamole and diltiazem were continued, in
addition to oral anticoagulant therapy, for 4 months .
After the procedure, the creatine kinase (CK) level was
determined, and a serial electrocardiogram (ECG) was re-
corded every 8 h during the 1st 24 h . The CK levels were
considered abnormal if there was an increase two times the
normal value . Acute myocardial infarction was defined as
the presence of at least two of the following: 1) typical angina
>15 min in duration, 2) new pathologic ECG Q waves, and
3) abnormal CK levels .
After the 24-h angiogram, heparin infusion was stopped,
and the femoral sheaths were removed 2 h later . At this time,
dextrin (100 mUh) was administered until heparin infusion
was reinitiated .
Stent description and Implantation . The device used in
this study was the articulated Palmaz-Schatz stent, whose
characteristics have been described elsewhere (18,19) . Our
protocol for stent implantation included conventional bal-
loon dilation, using a balloon 0.5 mm smaller than the
reference diameter of the target vessel. The stent was then
implanted using a balloon (vessel reference diameter/balloon
diameter ratio = 1) inflated to 8 to 10 atm for at least 10 s .
Finally, stent overdilation was accomplished using a balloon
0.5 mm larger than that used for stent implantation, inflated
to 6 to 8 atm to maintain its nominal size for 10 to 20 s .
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Quanotative coronary analysis and o" 7 loins . Analysis
of the side branch diameter was performed using an auto-
mated, computerized edge-detection algorithm (ARTREK,
ImageComm Systems, Inc .) that has been described and
validated elsewhere (70) . Because of the limitations of quan-
titative
angiographic analysis in evaluating the severity of
the ostial narrowing of side branches, narrowing was quan-
tified by visual assessment by a single observer other than
the cardiologist who performed the stenting procedure . Two
orthogonal views were used (whenever possible) to provide
better visualization of the stenosis . Ostial narrowing of a side
branch was defined as mild (<50% of lumen diameter),
moderate (at50% and :570% of lumen diameter) and severe
(>711 of lumen diameter) . Measurements were calculated
using the guiding catheter as a reference . The intraobserver
variability was 0.14 ± 0.12 mm for the absolute diameter,
This variability was assessed after repeating quantitative
measurements in 60 randomly selected lesions . A lesion was
defined as total occlusion (100% narrowing) if there was ab-
sence of anterograde lumen flow (21) . Coronary flow was
defined according to TI1VH flow grade criteria (22) . The
stented coronary segment was always documented before
and after balloon dilation, immediately after stent implanta-
tion and 24 h later, using the same views . Side branches were
classified as type A (2t I mm in diameter, with ostial narrow-
ing), type B (>1 mmt in diameter, without ostial narrowing),
type C (<I mm in diameter, with ostial narrowing) and type
D (<1 mm in diameter, without ostial narrowing) .
Statistics . Continuous variables are presented as mean
value - SD. Comparison of data between subgroups at
baseline, after balloon dilation, immediately after stenting
and 24 h later was made by analysis of variance . When
significant differences were found, a two-tailed t test was
applied to paired data . Categoric variables are expressed as
percents and were analyzed with the chi-square test . A p
value < 0.05 was considered statistically significant .
Results
The mean age of the patients was 57 ± 9 years, and 40
patients (87%) were men . Twenty patients (43%) had unsta-
ble angina, and 23 (57%) had stable angina . A history of
previous myocardial infarction was documented in 13 pa-
tients (28%). The stents were implanted because of resteno-
sis in 41 lesions (89%) and a suboptimal result after conven-
tional balloon dilation in 5 lesions (11%) .
Angiographic data . The stented lesions were located as
follows : 36 (78%) in the left anterior descending, 6 (13%) in
the right and 4 (9%) in the left circumflex coronary artery .
The lesions were eccentric in 27 patients (59%), irregular in
16 (35%) and calcified in 3 (6%) . Mean lesion length was
7 ± 3.4 mm. Collateral circulation to the distal vessel beyond
the lesion site was demonstrated in eight vessels (17%) . Left
ventricular ejection fraction was 60 ± 9% .
Type of side branches. A total of 79 side branches arising
from 46 coronary segments with successfully deployed
Table I, Distribution and Classification of Side Branches
11MUZZ ET AL .
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Side Branch Classification
R91maz-Schatz stents were analyzed . Nine side branches
were type A (11%), 25 type B (32%), 7 type
C (9%) and 38
type D (48%) . The mean diameters of type A and B side
branches were I A ± 0.3 and 1 .5 ± 0.3 mm, respectively. The
number and type of side branches in relation to the stented
coronary artery are shown in the Table 1 .
Flow patterns . Sequential patterns of coronary blood
flow through the side branches are represented in Figure 2 .
Immediately after stenting, coronary flow remained un-
changed in 8 type A (89%), 23 type B (96%), 5 type C (72%)
and 35 type D (92%) branches . Coronary flow improved in
one type C (14%) and two type D (5%) branches, whereas it
deteriorated in one type A (11'7c), one type B (4%), one type
C (14%) and one type D (3%) branch .
0stial stenosis of side branches. According to our defini-
tion, only types A and C side branches had ostial involve-
ment before stenting . Ostial narrowing of type A branches
was mild in two branches (both branches had 40% narrow-
ing), moderate in three (mean stenosis 57 ± 9%) and severe
in four (mean stenosis 84 ± 7%) . After balloon dilation, the
TIMI flow grade and stenosis severity remained unchanged
in all of these branches . In one type A side branch, moderate
ostial stenosis (70% narrowing) became severe (90% narrow-
ing) after stenting and remained unchanged 24 h later .
Ostial stenosis of type C branches was moderate in two
branches (50% and 70% narrowing) and severe in five (mean
stenosis 80 ± 3%) . One of these branches with moderate
Figure 2. Coronary flow according to Thrombolysis in Myocardial
Infarction (TIMI) flow grade in each side branch at baseline (Basal),
after balloon dilation (BD), after stent deployment (ST) and 24 h
later . *TIMI flow grade ~ 1 .
No change
69(67%) 72(91%) 76(96%)
improved* 4(5%)
3(4%) 2(3%)
Deteriorated
6(8%) 4(5%)
1(1 %)
A B C D Total
Diagonal 8 14 2 7 31(39%)
S.-Plal 9 4 19 34 (4317)
Left marginal 1 2 4(5%)
Right marginal 0 1 9 10(13%)
Total 9(11%) 25 (32%) 7(9%) 38(48%) 7 9 (100%)
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stenosis occluded after balloon dilation (100% narrowing,
TIMI flow grade 0) . However, flow became TIMI grade 1
after stenting, despite the presence of severe stenosis (95%
narrowing) at the bifurcation . No further changes were
observed on the 24-h follow-up angiogram . One type C side
branch with a severe stenosis (80 narrowing, TIMI flow
grade 2) occluded after stent implantation
(1006/c narrowing,
TIMI flow grade 0) and remained occluded on 24-h control
angiography.
No patient had abnormal CIA levels during the 1st 24 h
after stenting or developed an acute myocardial infarction .
Nevertheless, three patients experienced typical angina dur-
ing the procedure. The presence of angina was related in one
patient to flow impairment in a diagonal type A side branch,
which deteriorated
r,
vin TIMI flow grade 2 to 1 after
stenting . Another patient had angina when flow worsened
from TIM[ grade 3 to I in a septal type B branch after stent
deployment . Finally, one patient had angina after occlusion
of a diagonal type C branch (TIMI flow grade 2 to 0) after
balloon dilation before stent implantation .
Discussion
t MWy. The major findings of this study are that
1) a significant number of side branches arise within the
scented segments in the coronary arteries, but most branches
are <1 mm in diameter (mainly septal branches) ; 2) of the
branches >1 mm in diameter (mainly diagonal or septal
branches), only 11% had ostial narrowing ; 3) stent implan-
tation implies intraprocedural flow deterioration (TIMI flow
grade a1) in 13% of branches (8% after balloon dilation and
4% immediately after stenting) . In our series coronary flow
also deteriorated in one additional side branch 24 h after
stenting (1%) ; and 4) despite this, no irreversible myocardial
was documented as a result of side branch occlusion .
The preliminary study by Fishman et al .
(23) is the only one that has focused on the specific effects of
stenting on the flow patterns of related side branches . In that
preliminary study, 50 side branches with vessel diameter
al mm whose ostia were bridged by the stent (Palmaz-
Schatz) were analyzed by serial coronary angiography be-
fore aVoplasty, after conventional balloon dilation, imme-
diately after step ting and 6 months later. Of these side
branches, 36% had ostial stenosis a5O% . A total of five side
branches (10%) became occluded : four after conventional
balloon dilation (8%) and I after stenting (1%) . These data
are comparable to those of our series . In that study the side
branch that occluded after stenting was patent at 6-month
follow-up, but angiographic follow-up 24 h after stenting was
not performed. In our study, at 24-h control angiography,
one additional branch occluded, and flow improved in two
branches.
Meier et al . (1) reported that 30% of the patients with side
branch occlusion during conventional angioplasty had ele-
vated CK levels, but none had levels two times greater than
normal values, and only five patients experienced chest pain .
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March 15,1994 :911-5
Most of the implicated side branches were diagonal or
septal. Vetrovec et al . (2) reported that 50% of patients with
side branch occlusion experienced angina, but none of them
displayed ECG changes typical of acute myocardial infarc-
tion. Our data support these findings because only three
patients with side branch closure experienced angina . None
of our patients had abnormal CK levels during the 1st 24 h
after stenting or developed criteria for myocardial infarction .
The explanation for the absence of myocardial infarction
may be the recruitment of collateral vessels, the spontane-
ous recanalization of the branches or the small size (< I mm
in diameter) of the involved side branches (2) .
Relevance of the problem. In nearly 50% of lesions un-
dergoing dilation, some type of side branch is involved (1) .
Different techniques have been used to protect side branches
during conventional angioplasty (6-11), but none of these
can be used during stenting. The fate of the side branches
emerging within a stented segment can be considered in
terms of an appropriate or inappropriate indication of stent
implantation in relation to the type of stent design and
potential clinical consequences of stent deployment . In our
series, 60% of side branches were <I mm in diameter (types
C and D [40% of these were septal branches]) and were
therefore inappropriate for revascularization . It seems rea-
sonable to disregard these branches when stenting is being
planned. The remaining 40 of branches were a1 mm in
diameter (types A and B [most of them diagonal or septal
perforator branches]), which could be suitable for a revas-
cularization procedure . In this setting, which may be more
relevant clinically, stent implantation decreased flow in 2
(8%) of 25 side branches (1 type A, 1 type B) . In our series,
2V15 of branches (types A and C) had ostial narrowing, but
only 13% of these developed coronary flow impairment after
stenting . Our data are in agreement with those of Meier et al .
(1) who reported that one third of branches arising from the
lesion had ostial involvement, and 14% of these occluded
after balloon dilation . That incidence is lower than the 27%
occlusion rate reported by Vetrovec et al . (2), also after
balloon dilation. In our series, among side branches without
a diseased takeoff, the incidence of flow impairment was 3% .
This incidence is similar to the 1% to 4% reported after
balloon dilation (1,2) . Thus, according to our data, and
assuming that the absence of myocardial infarction is a result
of side branch closure, these branches (mean diameter
1.5 mm) like those <I mm in diameter are probably of low
relevance when selecting patients for a stenting procedure .
Whether our findings can be extrapolated to larger side
branches (>2 mm in diameter) cannot be determined from
our data, although it can be speculated that the favorable
angiographic results in such small side branches can proba-
bly be extrapolated to larger ones .
The mechanism responsible for side branch occlusion
appears to be multifactorial and includes the presence of
spasm, dissection, thrombus formation, embolization of
plaque debris and the "snowplow" effect (1-3,9). Because
the presence of dissection was an exclusion criteria in this
JACC Vol . 23, No. 4
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study, and nitroglycerin was systematically administered
during stenting to avoid coronary spasm, we speculate that
embolism, thrombus formation or the snowplow effect may
be responsible for the observed side branch flcw deteriora-
tion in most of our patients . Moreover, the struts of the
Palmaz-Schatz stent are 0 .05 mm in diameter, which does
not satisfactorily explain side branch closure, particularly
when the branch is =-1 mm in diameter . However, sponta-
neous recanalization of side branches > 1 .5 mm in diameter
that became occluded either du ,.ing conventional balloon
angioplasty (24) or after stenting (23) has been previously
reported. In our series an improvement in flow was docu-
mented in only 4% of side branches immediately after
stenting and in an additional 3% 24 h later . This unusual
finding may be related to the reversal of spasm, resolution of
a thrombus, redistribution of the atheromatous material to
the adjacent coronary wall and the clearing of intraluminal
debris (25) . An improvement or deterioration in coronary
flow in these branches 6 months after stenting (as reported
Fishman et al . [23]) may be related to the dynamic process of
intimal proliferation of the restenosis phenomenon rather
than an effect of the stent itself .
Implications of Palmaz-Schatz stent deployment in coro-
nary artery segments that include the takeoff of large vessels
could include the following : 1) The branch will definitely
become inaccessible to catheters and guide wire (concept of
stent jail) ; and 2) depending on the plaque burden at the
target site, the origin of the branch may become significantly
compromised . However, published data suggest that the use
of other stent designs (Gianturco-Roubin) may allow dilation
of lesions located in the related side branches through the
struts of the stent (26) . This has not been reported with the
Palmaz-Schatz stent to date .
Study limitations. The main limitation of the present
study is that it comprises selected patients with stent implan-
tation. In fact, in our series the mean diameter of the larger
side branches included was only 1 .5 mm. Although exclusion
of larger side branches introduced a selection bias in the
study design, we believe that our results are applicable to
most lesions currently considered suitable for stenting be-
cause lesions with larger side branches are typically referred
for other types of revascularization . In addition . eligibility
for stenting in our series was determined on the basis of
established anatomic criteria, and all patients included un-
derwent coronary stenting for reasons other than coronary
closure after angioplasty . Our results do not preclude the
possibility that effects may differ in larger (?2 mm)
branches, and we did not assess the fate of these branches
after 24 h . Finally, our results should not be extrapolated to
other types of stents .
Conclusions . Coronary flow in side branches arising from
a stented coronary segment remains unchanged in up to 90%
of cases. Although coronary flow may be impaired in some
side branches after stenting, this does not appear to be
clinically relevant in the side branches analyzed in this
study .
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